Abstract
Methods
The current study was conducted with NPC patients undergoing radiotherapy at Sun YatSen University Cancer Center between June 2011 and May 2012. A clinical diagnosis of candidiasis was determined on the basis of a positive potassium hydroxide (KOH) test and the presence of pseudomembranous (white) form of candidal overgrowth. The Cox proportional hazard regression model was used to test the association of OPC and related survival rates.
Results
Compared with the non-OPC group, the OPC group had significantly increased occurrence rates of grade 3-4 mucositis (14.5% vs. 7.4%, P = 0.049), anaemia (11.3% vs. 4.4%, P = 0.020), hepatotoxicity (4.8% vs. 1.1%, P = 0.021) and critical weight loss (85.5% vs. 56.6%, P<0.001) during radiotherapy. The OPC group had a significantly lower disease-free survival (DFS) (70.9% vs. 82.6%, P = 0.012), mainly as a result of a reduction in locoregional relapse-free survival (LRFS) (87.0%vs. 94.9%, P = 0.025). After stratification by T stage, the 5-year DFS in T3-4 patients were 82.0% and 68.8% in non-OPC and OPC groups, respectively (P = 0.022). Multivariate analyses indicated that OPC was a prognostic factor for LRFS and DFS. PLOS Introduction nature of the study, we requested and were granted a waiver of individual informed consent from the ethics committee. Between June 2011 and May 2012, a total of 606 NPC patients treated at the Sun Yat-sen University Cancer Center were collected and analyzed. Cases met the following criteria were eligible for this study: pathologically proven NPC with no distant metastasis, nasopharynx computed tomography (CT) or magnetic resonance imaging (MRI) performed before primary treatment, and receiving radical two-dimensional conventional radiotherapy (2D-CRT) or intensity-modulated radiotherapy (IMRT) at initial diagnosis. All of the included patients were staged according to the seventh edition of the American Joint Committee on Cancer (AJCC) staging system for NPC. Clinical evaluation of the efficacy of therapy was based on the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1. Adverse events during cancer treatment were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0. Critical weight loss (CWL) was defined as body weight loss of more than 5% from the start of radiotherapy until week 8 or more than 7.5% until week 12 according to the international consensus statement from Academy of Nutrition and Dietetics and American Society for Parenteral and Enteral Nutrition [17] . Oral swabs were taken from subjects with appearances indicative of oral candidosis on clinical examination of the oral cavity (e.g., white plaques on mucosa). A clinical diagnosis of candidiasis was determined on the basis of a positive potassium hydroxide (KOH) test and the presence of pseudomembranous (white) form of candidal overgrowth. Associated symptoms and responses to antifungal medications further clarified any confusion that often exists in the differentiation of symptomatic candidiasis with radiation-induced mucositis.
Treatment

2D-CRT.
The details of the 2D-CRT techniques utilized in our cancer centre were previously reported [18] . Patients were immobilized in the supine position with a thermoplastic mask and treated with two lateral opposing faciocervical portals to irradiate the nasopharynx and upper neck in one volume followed by application of the shrinking-field technique to limit irradiation of the spinal cord. An anterior cervical field was used to treat the neck with a laryngeal block. The accumulated radiation dose to the nasopharynx was 70Gy in 35 fractions. The accumulated dose was 50Gy to the uninvolved neck and 60Gy to involved regions. All patients were treated with one fraction daily for 5 days per week.
Additional boosts (not exceeding 20Gy) could be given to the parapharyngeal space, the nasopharynx and/or nodal sites (when indicated); the boost field was confined to the involved site with exclusion of critical structures.
IMRT. The IMRT technique has also been described previously [19] . The gross tumour volumes of the nasopharynx (GTVnx) and positive neck lymph nodes (GTVnd) were delineated according to our previously described institutional treatment protocol [20] , which is in agreement with the International Commission on Radiation Units and Measurements Reports 50 and 62. Two clinical target volumes (CTVs) were delineated: CTV1 and CTV2. The CTV1 was defined as the GTVnx plus a 5-10mm margin to encompass the high-risk sites of microscopic extension and the whole nasopharynx mucosa plus a 5-mm submucosal volume. The CTV2 was defined by adding a 5-10mm margin to the CTV1 (when the CTV2 was adjacent to critical organs, such as the brainstem and spinal cord, the margin was reduced to 3-5 mm) to encompass the low-risk sites of microscopic extension, the level of the lymph node located, and the elective neck area (bilateral levels IIa, IIb, III, and Va are routinely covered for all N0 patients, whereas levels IV, Vb, or supraclavicular fossae were also included for N+ patients). The planning target volume (PTV) for GTVs and CTVs were generated automatically by adding a 5-mm margin after delineation of tumour targets according to the immobilization and localization uncertainties. The prescribed dose was 62-70Gy (median, 68Gy) to the PTV of the GTVnx (PTVnx), 58 to 66Gy to the PTV of the GTVnd (PTVnd), 56 to 64Gy to the PTV of the CTV1 (PTV1), and 50 to 58Gy to the PTV of the CTV2 (PTV2) in 28 to 33 fractions. All patients were treated with one fraction daily over 5 days per week. The doses limited to the major organs at risk were as follows: the brain stem, with a 3-mm margin, Dmax<54Gy; spinal cord, with a 5-mm margin, Dmax<40Gy; the optic nerve, chiasm and temporal lobe, Dmax<54Gy; and the parotid gland, V30-35<50%.
Chemotherapy. 99 patients received RT alone. Combined modality therapy for most locoregionally advanced NPC included neoadjuvant chemotherapy (NACT) followed by concurrent chemoradiotherapy (CCRT) (n = 219), CCRT (n = 217), NACT (n = 71). NACT in our study consisted of PF regimen (cisplatin 80mg/m 2 and 5-fluorouracil 
Follow-up
All patients were evaluated weekly during radiation therapy, and were required to be followed-up after the completion of radiotherapy: 1 month after the completion of radiotherapy, every 3 months in the first 2 years, every 6 months from year 3 to year 5, and annually thereafter. Followup assessments included physical examination, MRI of the nasopharynx, ultrasound of the abdomen and chest X-ray/CT. Other examinations were performed whenever they were clinically indicated. The location and time of residual or recurrent tumours and metastasis were recorded. Patients with locoregional relapse and/or metastatic disease were treated (by means of re-irradiation, surgery, or chemotherapy) as much as possible according to the patients' conditions.
Statistical analysis
Statistical Package for Social Sciences, version 20.0 (SPSS, Chicago, IL) was used for statistical analysis. The overall survival (OS), locoregional relapse-free survival (LRFS), distant metastasis-free survival (DMFS), and disease-free survival (DFS) rates were estimated by use of the Kaplan-Meier method. OS was measured from the first date of treatment to the date of death, or to the last date a specific was known to be alive. LRFS were measured from the date of treatment to the date of the first observation of local or regional recurrence. DMFS was measured from the date of treatment to the date of the first observation of distant metastasis. DFS was measured from the date of treatment to the date of the first observation of local or regional recurrence or distant metastasis. The log-rank test was used to compare the survival curves. Multivariate analysis was performed using the Cox proportional hazards model. A 2-tailed P value of less than 0.05 was considered statistically significant.
Results
Clinical characteristics
A total of 62 patients (10.2%) suffered from OPC and 544 (89.8%) did not. The median followup duration for the entire cohort was 58 months: 60 months (range, 15-66 months) for the OPC group and 54 months (range, 6-64 months) for the non-OPC group. The patient, tumour and treatment characteristics of the two groups are presented in Table 1 . The patient age at presentation ranged from 11 to 77 years (median, 46). In both groups, there were more males than females with a male: female ratio of approximately 3.39:1. Most patients presented with stage III-IV disease (85.5%) and 83.7% of the patients received chemotherapy. There is no difference in treatment modalities, pre-treatment albumin level, anaemia and BMI between OPC and non-OPC group.
Acute toxicities related with therapy by OPC status Table 2 shows the main acute toxicity during radiotherapy graded with the CTCAE version 3.0. Candidiasis was observed in the form of whitish pseudomembranes or drops (Fig 1A) , whereas mucositis (grade 2 or 3) often took the form of patchy/confluent ulcerations or pseudomembranes ( Fig 1B) . Compared with the non-OPC group, the OPC group had significantly increased occurrence rates of grade 3-4 mucositis (14.5% vs. 7.4%, P = 0.049), anaemia (11.3% vs. 4.4%, P = 0.020) and hepatotoxicity (4.8% vs. 1.1%, P = 0.021). In addition, the incidence of CWL was increased in OPC group (85.5% vs. 56.6%, P<0.001). No significant differences in leukopenia, neutropenia, thrombocytopenia, neck dermatitis, or vomiting were found between the two groups. 
Clinical response
Three months after RT, the effective rates (complete remission plus partial remission) were 98.4% (61/62) and 98.0% (533/544) in the OPC group and the non-OPC group, respectively (P = 1.000).
Patterns of treatment failure
The patterns of treatment failure are summarized in Table 3 . By the last follow-up examination, 16 .0% (n = 97) of patients developed treatment failure. In the OPC group,11.3% (7of 62) developed locoregional relapse. In comparison, the locoregional relapse rate in the non-OPC group was only 4.4% (24 of 544), of whom 23 developed locoregional relapse alone, and 1 developed both locoregional relapse and distant metastasis. During the follow-up period, 9.7% (59 of 606) patients died.
Survival
For all patients, the estimated 5-year OS, LRFS, DMFS and DFS rates were 87.5%, 94.1%, 87.0%, and 81.5%, respectively. OS did not differ significantly between two groups (P = 0.176), with five-year estimates of 86.0% in the non-OPC group and 81.3% in the OPC group (Fig  2A) . LRFS and DFS were significantly reduced in the OPC group (94.9% vs. 87.0%, P = 0.025; 82.6% vs. 70.9%, P = 0.012) (Fig 2B and 2D) , however, the 5-year DMFS did not differ significantly (Fig 2C) . Subgroup analyses are listed in Table 4 and Table 5 . First, patients were stratified by T stage into T1-2 and T3-4 groups. In T3-4 patients, the 5-year DFS were 82.0% and 68.8% in non-OPC and OPC groups, respectively (P = 0.022). However, among T1-2 patients, there was no significant difference in DFS (85.1% vs. 80.8%, P = 0.437). The 5-year LRFS and DMFS were lower in the OPC arm than in the non-OPC arm among T3-4 patients, but the differences were not significant (94.1 vs. 86.4%, P = 0.084; 87.5% vs. 81.6%, P = 0.172, respectively). Patients were also stratified by N stage into N0-1and N2-3 groups. The 5-year LRFS in N0-1 patients were 98.1% and 88.1%in non-OPC and OPC groups, respectively (P = 0.014). However, there was no significant difference among LRFS of N2-3 patients (91.5% vs. 85.7%, P = 0.378).
Prognostic factors
Factors that may affect the prognosis of NPC were taken for univariate analysis. As seen in Table 6 , OPC was significantly associated with poorer LRFS and DFS. In addition, patients with advanced N stage had poorer 5-year OS, LRFS, DMFS, and DFS. The Cox regression method was used and the above factors (gender, age, T stage, N stage, overall stage, treatment, radiotherapy mode and OPC status) were taken as covariates for analysis. The results revealed that OPC was an independent predictor for LRFS and DFS, and N stage was significantly associated with OS, LRFS, DMFS, and DFS (Table 7) .
Discussion
In the present study, we first found an OPC prevalence of 10.2% in our cohort of 606 patients receiving radiotherapy for NPC, with a diagnosis of OPC defined as when the patient had combined clinical and microbiological evidence of oral candidiasis.This prevalence is much lower than the 26%-30% reported by previous studies in patients with head and neck tumors who underwent radiation treatment [7] [8] [9] [10] . The lower incidence in our report could be due to following reasons. First, a majority of patients (85.0%) in our study received IMRT, which was superior in preserving parotid function and resulted in less severe xerostomia than 2D-CRT used in most of the studies mentioned. Second, our studies only reported the prevalence of pseudomembranous candidosis, rather than the prevalence of all types of oral candidosis, which may underestimate the prevalence of oral candidosis within these populations. Third, because of similar signs and symptoms between pseudomembranous candidosis and radiation-induced mucositis, medical staff sometimes may be confused and did not take oral swabs to confirm the disease further. Last but not least, due to the prospective nature of previous studies [7] [8] [9] [10] , the occurrence of OPC can be detected in time and recorded in detail. However, in our retrospective study, we made sure the OPC status mainly by medical records, which may be not documented thoroughly. Therefore, a prospective study is urged to explore the accurate prevalence of OPC in NPC patients. Previous studies have found a close relationship between OPC and oral mucositis among patients who received RT with or without concomitant chemotherapy for head and neck cancer. Deng et al. compared Candida infection in patients with irradiation to the oral cavity to that inpatients without such irradiation and suggested that irradiation to the oral cavity facilitate Candida infection through worsening of the oral environment, for example, by inducing oral mucositis and decreasing salivary secretion [22] . On the other hand, radiation mucositis is, to a great extent, the result of an interaction between the radiation toxicity and the local microbial load and infection, which seem to act in a synergistic fashion [23] . In the present study, compared with the non-OPC group, grade 3-4 mucositis in the OPC group were more frequent. We suggest that the painful mucosal ulcerations, during the course of radiotherapy, interfere with oral hygiene and act as sites of secondary Candida infection, which, in turn, further aggravate mucositis or prevent healing. Our results also showed that patients with OPC had a higher incidence of critical weight loss and grade 3-4 anaemia than patients without OPC during RT. Weight loss and anaemia are commonly used indicators of malnutrition [24] [25] [26] . In cancer patients, a variety of factors, including the tumour, the host response to the tumour, and anticancer treatment, may cause malnutrition and cachexia [27] . Oral candidiasis, a common infection in head and neck cancer patients receiving radiation therapy, usually makes patients uncomfortable and suffer from burning mouth, dysgeusia, dysphagia, and anorexia [28] . Furthermore, oral candidiasis concurrent with oral mucositis due to RT may increase oropharyngeal discomfort during RT [22]. Therefore, we speculate that OPC may contribute to a worsening nutritional status, which was manifested as critical weight loss and grade 3-4 anaemia, in NPC patients. For all patients, the estimated 5-year OS, LRFS, DMFS and DFS rates were 87.5%, 94.1%, 87.0%, and 81.5%, respectively. The survival of our cohort was relatively better than those in other studies of 5-year overall survival rate varying from 83.9 to 87.4% in all-stages NPC patients treated with IMRT [19, 29-31]. The relatively short follow-up time (median: 58 months) in our study may lead to the higher survival rate. Therefore, a prospective study with longer follow-up time is needed to investigate the accurate survival rate of NPC patients.
In the current study, we found that the occurrence of OPC during radiotherapy was associated with reduced LRFS and DFS. Furthermore, multivariate analyses revealed that OPC was a significant prognostic factor for both LRFS and DFS in patients with nasopharyngeal carcinoma.
Our study showed a CWL rate of 85.5% in the OPC group as compared with 56.6% in the non-OPC group (P<0.001). Previous studies have found that weight loss has an independent impact on survival. In the study of Langius et al. [32] , CWL during radiotherapy was significantly associated with a worse disease-specific survival (DSS). Zeng et al. [33] investigated 2399 patients with non-metastatic NPC who underwent radiotherapy. Multivariate analyses revealed that CWL was significantly associated with a worse OS and failure-free survival rates (FFS) in IMRT cohort. The activation of the anti-tumour immune response has an impact on the effect of radiation therapy on cancer cell death via irreparable DNA damage [34] . Studies have shown that in malnourished patients, insufficient food intake can compromise the effect of radiotherapy on locoregional control by impairing the immune system [35] [36] [37] . In the OPC group, OPC usually brings discomfort and difficulties in regard to eating, leading to a significantly higher rate of CWL and more severe malnutrition and immune system impairment. Therefore, anti-tumour treatment works less efficiently in this patient population. Nasopharyngeal carcinoma and oropharyngeal candidiasis during radiotherapy
On the other hand, our results showed that patients with OPC had a higher incidence of grade 3-4 anaemia than patients without OPC (11.3% vs. 4.4%, P = 0.020). Among patients with head and neck cancer, anaemia is an important prognostic factor for survival [38] . Several studies have reported the link between haemoglobin (Hb) level and survival outcomes after three-dimensional or intensity-modulated radiotherapy in NPC [39, 40] . By propagating tumour hypoxia, anaemia may increase the malignant potential of tumours, thereby reducing local tumour control, patient prognosis, and survival. Anaemia also diminishes the efficacy of O 2 -dependent radiotherapy and chemotherapy, thus affecting patient outcome further [41, 42] . In our study, compared with non-OPC patients, OPC patients had worse LRFS and DFS. This indicates that OPC has an impact on locoregional recurrences and influences DFS. The result further verified that OPC may be related to poor locoregional control via anaemia.
Our results suggest that appropriate intervention towards OPC might be beneficial for NPC patients. According to the Infectious Diseases Society of America (IDSA) guidelines, clotrimazole troches or nystatin suspension/pastilles is recommended as first-line therapy for the management of mild OPC and systemic fluconazole for moderate to severe OPC [43] . However, most local antifungal medications have drawbacks, such as inconvenient for mulations, unpleasant taste and frequent daily dosing, usually compromising patient compliance and thus being less effective. Gligorov et al. [8] found that the prescription of systemic antifungal agents with drugs administered once daily can enhance patient compliance and improve the overall management of OPC. In our group, a large proportion of patients were also treated with systemic agents, and all of them received fluconazoleonce daily. Thus far, the most favourable treatment modality for OPC in NPC patients is still uncertained and should be further explored.
There are several limitations in the present study, including the retrospective nature of the review, the relatively short follow-up time, and the inclusion of patients from a single institution in an endemic area, which could affect the outcomes. Another limitation is that the diagnostic method of OPC in our centre was incapable of identifying the Candida species. Cultures for fungi would be needed to assess the exact Candida species to guide effective individualized treatment.
Conclusions
The results of this retrospective study indicate that OPC during radiotherapy may worsen the nutritional status of NPC patients according to weight loss and anaemia, leading to a negative impact on 5-year locoregional relapse-free survival and disease-specific survival. Further investigations are needed to explore whether prevention and treatment of OPC during radiotherapy will be useful. 
Investigation
